Objectives-Although periarticular osteoporosis is a well-recognised phenomenon in rheumatoid arthritis (RA), there is considerable controversy over whether RA is associated with more generalised osteoporosis. The aetiology of this bone loss is probably multifactorial, including both life-style risk factors and diseaserelated determinants. Population-based studies on bone mineral density (BMD) in RA have not previously been conducted, and the purpose of the present crosssectional population-based study was to determine whether patients with RA are at an increased risk of having osteoporosis.
loss is probably multifactorial, including both life-style risk factors and diseaserelated determinants. Population-based studies on bone mineral density (BMD) in RA have not previously been conducted, and the purpose of the present crosssectional population-based study was to determine whether patients with RA are at an increased risk of having osteoporosis. Furthermore, the determinants of BMD in RA patients were investigated. Methods-BMD at the spine and femoral neck was measured in 143 women with RA. The control group consisted of 1611 women with no disease or taking any drugs known to affect bone metabolism. The study population was a random stratified sample from the Kuopio Osteoporosis Study, which included all perimenopausal women aged 47-56 years residing in Kuopio Province, Eastern Finland in 1989 (n = 14 220). The mean age of the patients at the time of densitometry was 53 7 years.
Results-The mean (SD) spinal and femoral neck BMD was significantly lower in patients with RA compared with controls [spine: 1-067 (0-161) v 1 129 (0-157) glcm2, p < 0001; femoral neck: 0-851 (0.136) v 0-932 (0-123) g/cm2, p<0-001]. Analysis of variance showed that at the spine the difference was significant only in patients having corticosteroid treatment, whereas at the femoral neck patients with non-steroid treatment also had significantly lower BMD. When confounding factors were corrected, no significant difference could be found between non-steroid and corticosteroid treated patients with RA, suggesting that the independent effect of corticosteroids on BMD is only minimal. Multiple regression analysis found age, weight and functional grade to be significant predictors of spinal BMD (R2 = 0.403, p < 0.001). In the femoral neck weight, cumulative corticosteroid dose and functional grade were significant predictors of BMD (R2 = 0-410, p < 0.001).
Conclusions-RA is associated with generalised osteoporosis. The physical impairment and body weight are the major determinants of both spinal and femoral bone mass in RA patients. The cumulative corticosteroid dose was also a significant determinant of femoral neck BMD. However, the independent effect of corticosteroids is questionable because the use of corticosteroids may be an indicator of more severe disease.
(Ann Rheum Dis 1994; 53: [18] [19] [20] [21] [22] [23] Periarticular osteoporosis is a well recognised phenomenon of rheumatoid arthritis (RA). There is, however, considerable controversy over whether RA is also associated with generalised axial osteoporosis. 1-4 Many potential factors, both life-style and disease related, may contribute to axial bone mass and bone loss, and this may explain the varying results in previous studies. Disease activity and reduced mobility are frequently suggested as being responsible for this bone loss. Besides the disease itself, the treatment may also cause increased bone loss. There is no doubt that high doses of corticosteroids are deleterious for bone. However, whether low dose corticosteroids result in an increased risk of osteoporosis is a matter of debate.5 Differences in daily dose of corticosteroids, duration of the treatment and activity of RA, could explain the discrepant findings. Furthermore, cortical and trabecular bone may behave in a different way under corticosteroid treatment.
To our knowledge, no population based study using axial bone densitometry has been conducted on RA. In the present study a random stratified sample of perimenopausal women with RA was studied using dual-energy x-ray absorptiometry (DXA) of the spine and femoral neck. The bone mineral density data of patients with RA were compared with the data for a healthy female population of the same age, and possible predictors of BMD in RA were investigated.
Subjects and Methods

STUDY POPULATION
The initial study population consisted ofwas sent to 14121 in 1989, and 13100 (92.8%) responded.8 The enquiry included questions about gynaecological history and surgery, use of female hormones, parity, height, weight, physical activity at work and during leisure, consumption of milk, smoking, morbidity and current use of prescribed drugs. The length of time that subjects had been smoking regularly and the number of cigarettes consumed currently per day were registered. Another postal enquiry was sent during 1990-91 to those women who were selected for bone densitometry (see below). It included questions about the use of coffee and alcohol. In addition, it specified the amount of physical activity. Both questionnaires were checked through with each participant at the time of bone densitometry.
An estimate of dietary calcium intake was derived from the consumption of milk products (1 dl milk = 120 mg calcium, 1 slice cheese = 87 mg calcium). Weekly hours of regular physical exercise, daily walking or running distance, and the physical demands of work (sitting, light, medium, heavy) were combined into a 3 category overall physical activity level (I-III).
The grip strength of the dominant arm was assessed with a hand-held dynamometer (Martin Vigorimeter, Germany), with a mean of 3 measurements being recorded per subject.
A (7. 2) years (range 1-31 years), and the mean cumulative prednisolone dose was 16-4 g (range 1 1-131-4 g). Sixty four patients had never had corticosteroid treatment. Nonsteroid anti-inflammatory drugs (NSAIDs) were used by many RA patients (n = 107). Various non-steroid second line drugs (gold salts, salazopyridine, chloroquine, penicillamine) were used by 72 women.
Present or previous oestrogen replacement therapy was reported by 47 women with RA. The mean (SD) duration of such therapy was 3-8 (3 0) years. Bilateral ovariectomy had been performed on 11 women. Only 60 patients reported having no disease other than RA (table 2) .
CONTROLS
The control group comprised a selection of women with no history of a disease or medication known to affect bone metabolism. The exclusion criteria were: renal disease, liver disease, insulin-dependent diabetes, malignancy, rheumatoid arthritis, endocrine abnormalities in parathyroid or thyroid glands or in adrenals, malabsorption, previous partial or total gastrectomy, ovariectomy, premenopausal amennorrhea, alcoholism, long-term immobilisation, corticosteroid therapy, diuretics, cytotoxic drugs, anticonvulsive drugs, anabolic steroids, calcitonin, bisphosphonates and vitamin D therapy. Women who had used perimenopausal female hormones for over 12 months were excluded, although contraceptive hormone use was allowed. The control group consisted of 1611 women, of whom 1131 were postmenopausal. The mean (SD) age was 53-2 (2-8) years (table 1) .
BONE DENSITY MEASUREMENT
Bone mineral density was determined using dual-energy x-ray absorptiometry (DXA) (Lunar DPX, Madison, Wisconsin) at the spine (L2-L4) and left femoral neck. Quality standards were tested daily. The reproducibility of this method has proved to be good-0-9% for the spine and 1 5% for the femoral neck measurements.9 There was evidence of marked lumbar osteophytes or spinal deformations in the DXA images of 15 women with RA, and these measurements were excluded. Similarly, 2 women with a deformity of the measured hip joint were tsignificantly different from controls (p < 0 01).
tsignificantly different from controls (p < 0 001). The differences were located by the NewmanKeuls test. Analysis of covariance was used when adjustment for confounding factors was needed.
Results
Preliminary examination of the data showed no statistically significant differences in menopausal status, hormone use or morbidity between the three different RA groups (I inactive RA, II RA without corticosteroids, III RA with corticosteroids) so the data could be pooled for analysis. Patients with RA were significantly lighter and experienced menopause earlier than the control population. We also found differences in the consumption of coffee and alcohol. The physical activity of patients with RA was significantly lower than that of the controls. When all patients with RA were considered as one group (n = 143), the mean BMD both in the spine and femoral neck was significantly lower than those in the controls (Z-scores -0 39 for the spine and -0-66 for the femoral neck, respectively). The differences remained unchanged when the adjustments for age, weight and menopausal years were performed (table 1) . Moreover, statistically significant differences existed between the patients with no other disease than RA and controls, both in the spine (p = 0 0 11) and femoral neck (p < 0 001). Spinal and femoral neck BMD did not differ between the patients with no disease other than RA (n = 60) and patients with RA with concomitant diseases (n = 73). Figures 1 and 2 show the mean BMDs in the three groups of patients with RA and controls. In the spine, there was a statistically significant difference only in corticosteroid treated RA patients (analysis of variance). In the femoral neck, a highly significant difference was also found between non-steroid treated RA patients and the controls.
The functional grade, physical activity and grip strength were lower in corticosteroid treated patients with RA than in patients with RA not taking corticosteroids. Ten patients in the corticosteroid group and 4 patients in the non-corticosteroid group had total prostheses. The mean BMD in the spine was significantly lower in the corticosteroid group. However, when the means were adjusted for age, time since menopause, weight and functional grade, the statistical difference disappeared. In the femoral neck, no significant differences between the groups were found (table 3) . the mean dose of prednisone was slightly higher in their study. One cannot exclude the possibility that there are differences in the indications for corticosteroid treatment between the countries. Our results are in agreement with Sambrook et al,6 who used dualphoton absorptiometry (DPA) and found no difference in annual BMD changes between RA patients treated with low-dose corticosteroid and patients without such therapy. We suggest that low-dose corticosteroids are relatively harmless to bone mass when used in an active disease which threatens a patient's mobility. Although corticosteroid treatment is associated with an increased risk of low BMD, the independent contribution of corticosteroids may be minimal. Body weight was found to be an important determinant of BMD both at the spine and femoral neck. This relationship has also been shown in normal subjects by several investigators,9 16 17 but this relationship may be partly due to the DXA technique, which expresses BMD as area density. '8 19 However, body weight may be related to total body fat, which has been shown to be an important determinant of BMD in postmenopausal women.20 Increased mechanical load on bones in obese persons and peripheral production of oestrone in fat tissue have been proposed as explanations. RA patients were lighter than controls, and this may indicate that fat mass, lean body mass or both are lower in these patients. Although, fat mass and lean body mass were not measured in our patients, we suggest that lower weight is also related to RA.
Reduced mobility has been suggested as a cause of generalised osteoporosis in RA. Significant relationships were found between forearm BMD and functional impairment and duration of the disease by Als et al.2' Sambrook et al3 using multiple regression analysis found that physical activity was a significant predictor of femoral BMD in female RA patients. In a recent prospective study by Laan et al,22
duration of RA, disease activity and functional impairment were negatively associated with BMD at the proximal femur. Our results show that the degree of functional impairment is associated with both decreased spinal and femoral neck BMD in patients with RA. Similar results were obtained using crude correlations and multivariate analysis. Impaired physical activity may be due to increased levels of disease activity. Unfortunately, owing to the population-based design of the present study we have no data on erythrocyte sedimentation rate or number of inflamed joints. Consequently, we can not draw definite conclusions about the influence of disease activity on BMD findings. However, patients with inactive RA did not differ significantly from the control population. Our results and recently published findings suggest that the most important contributing factor for generalised osteoporosis in RA is the physical impairment of the patients.
We found a negative correlation between disease duration and BMD at the femoral neck, suggesting that disease related mechanisms are responsible for the lower BMD in patients with RA. However, in multivariate analysis the disease duration was not a significant predictor of BMD. In common with the present study, most previous studies have not been able to show a correlation between disease duration and BMD.'0 11 21 Hence, physical impairment seems to be a more significant determinant of axial BMD than the duration of RA.
Smoking, alcohol and low calcium intake have been suggested as risk factors for osteoporosis.16 23 However, we were unable to find any significant effect of alcohol intake, smoking history or daily calcium intake on axial BMD in patients with RA. It may be that the major contribution of disease-related factors masks the effects of lifestyle risk factors on BMD. Parity has been suggested to have a favourable effect on BMD in RA patients. 3 Although there was a significant correlation between parity and femoral BMD in our study, this was not confirmed in multivariate analysis. The assumed positive effect of oestrogens on BMD were not found in this study. However, several confounding factors may influence the results. Furthermore, the number of patients using oestrogen for a longer time was too small to allow reliable conclusions on this topic.
Cross-sectional studies such as this study present certain methodological problems. Firstly, the severity of the disease and functional disability may vary during the course of the disease. In fact, these factors are usually associated with each other. Secondly, corticosteroid treatment is usually started in patients with more active disease and decreased mobility, so it is difficult to distinguish the effects of treatment and those of disease on bone mass. The follow up of the present study population is expected to provide more exact information about the determinants of BMD in RA.
A major advantage of this investigation is the population-based design of the study. Although most of the patients had concomitant diseases, they represent all patients with RA in a defined population. The analysis of medical records in a sample of women confirmed the validity of our RA diagnosis. Most previous studies have included only patients with RA with no other diseases or drug therapy known to affect bone metabolism.7 10 11 However, there has been one population-based study on fractures in RA,24 which found a small increase in the incidence of osteoporotic fractures in RA patients.
In conclusion, this population-based study shows that women with RA have lower axial BMD: 5 5% lower at the spine (Z-score -039) and 8X7% lower a the femoral neck (Z-score -066) compared with normal population. The additional negative effect of low-dose corticosteroid treatment on BMD was minimal in this study. As the most significant diseaserelated determinant of BMD both in the spine and femoral neck is decreased functional ability, every effort should be used to keep patients with RA mobile. On the basis of recent findings about the relationship between low bone mass and fractures,25 we suggest that women with active RA are at an increased risk of future fractures.
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